Objective-Individuals with both physical and mental health problems may have elevated levels of emergency department (ED) service utilization either for index conditions or for associated comorbidities. This study examines the use of ED services by Medicaid beneficiaries with comorbid diabetes and schizophrenia, a dyad with particularly high levels of clinical complexity.
Introduction
In recent years, there has been increasing focus on improving health outcomes for complex patients with multiple, comorbid, chronic diseases. The US Department of Health and Human Services (HHS) has developed a national strategy for improving the health of individuals with multiple chronic conditions (Parekh et al., 2011) . Specific combinations of comorbid conditions create unique challenges to the overall health and mortality risk of patients with multiple chronic conditions, particularly comorbid physical and mental illnesses. Morbidity and mortality in individuals with serious mental illness have been well documented, with rates of excess mortality ranging from 8 years to 25 years (Colton and Manderscheid, 2006; Parks et al., 2006; Druss et al., 2011) . This excess mortality is attributed most often to chronic physical conditions, and complicated by quality of care and socioeconomic status (Colton and Manderscheid, 2006; Parks et al., 2006; Druss et al., 2011) .
There is a strong association with schizophrenia, diabetes, and an increased risk or poor physical health and disability (Dixon et al., 2000) . Prevalence rates of diabetes mellitus in patients with schizophrenia are estimated at approximately 15%-21% in previous studies, about two to four times greater than the general population (Dixon et al., 2000; Subramaniam et al., 2003; Bushe and Holt, 2004; Mai et al., 2011) . The concurrence of both conditions makes health management complex due to the negative effects on medication adherence for physical illnesses (Piette et al., 2007) and self-care management (Dickerson et al., 2005) . In addition, hereditary factors, lifestyle factors, downward social drift, and metabolic syndrome associated with atypical antipsychotic use further contribute to the combined complexity and poor health and social outcomes associated with these diseases (Mukherjee et al., 1996) .
Emergency department (ED) visits for mental health-related causes have been rising in recent years, and are responsible for significant burden of care for EDs (Larkin et al., 2005) . This increase in visits contributes to ED overcrowding, which can result in poor quality of care (American College of Emergency Physicians, 2008) . Mental illness and psychological distress have been associated with higher rates of all-cause ED visits among various populations (Fogarty et al., 2008; Lin et al., 2012) . With the rise in mental health-related ED visits each year, higher rates of ED utilization have been associated with psychosis, African American race/ethnicity, and being insured with Medicaid, although these findings are not always consistent (Hazlett et al., 2004; Pandya et al., 2009 ).
There is limited research on ED utilization among individuals with serious mental illness, and schizophrenia in particular; however, previous reports have shown increased rates of ED utilization for individuals with serious mental illness when compared to the general population (Dickerson et al., 2003; Hackman et al., 2006; Hendrie et al., 2013) . Among individuals with schizophrenia, rates of ED utilization and recurrent ED visits are more common when compared to patients who do not have schizophrenia, with 69% of the study population with a diagnosis of schizophrenia having at least one ED visit in two years (Dhossche and Ghani, 1998; Salsberry et al., 2005) .
In patients with schizophrenia, certain comorbidities have been associated with increased ED visits, including substance use disorders (Curran et al., 2003) . Furthermore, individuals treated with atypical antipsychotic medications have lower rates of ED utilization than individuals treated with typical antipsychotics (Al-Zakwani et al., 2003) .
Although few studies have examined ED utilization rates in the chronic comorbid conditions of schizophrenia and diabetes, analysis of chronic physical illness and comorbid serious mental illness (depression) found higher rates of utilization among those with a diagnosis of depression (Himelhoch et al., 2004) . Previous studies have examined the impact of schizophrenia with other chronic physical conditions, a study in Canada found that individuals with schizophrenia have greater rates of coronary artery disease, although they are less likely to visit a specialist or undergo coronary revascularization than individuals without schizophrenia (Bresee et al., 2012) . In examining the management of diabetes in individuals with schizophrenia, one study determined that people with schizophrenia and diabetes had a 74% greater risk of hospital and ED visits for hypo-or hyperglycemia compared to those with diabetes only (no schizophrenia) (Becker and Hux, 2011) . Similarly, individuals with diabetes have higher rates of ED utilization than those without diabetes, but these findings are inconsistent (McCusker et al., 2000; Egede, 2004) . Access to a primary care physician is associated with a lower risk of ED utilization for conditions of lower severity (Moineddin et al., 2011) . We were unable to find studies that classified the type of ED visit among individuals with schizophrenia and diabetes.
Therefore, because there is a dearth of consistent literature on ED utilization for the specific comorbidity of schizophrenia and diabetes, we undertook this study to evaluate overall ED utilization rates and the causes of ED visits for patients with schizophrenia with and without comorbid diabetes. Also, we evaluated the risk associated with varying types of ED visits in patients with comorbid diabetes and schizophrenia. Because schizophrenia and diabetes can commonly co-occur, and comorbid chronic disease is of great concern in focusing on wholeperson outcomes, we seek to better understand the reasons why patients with schizophrenia and diabetes access ED services. A greater understanding of ED utilization in this specific comorbid population can lead to specific, targeted interventions that can improve health outcomes in this multiple chronic conditions population.
Materials and methods
This study used claims data extracted from the 2006 and 2007 Medicaid Analytic Extract (MAX) files obtained from the Centers for Medicare and Medicaid Services (CMS). Secondary data analysis of large population claims data provides several key advantages when studying patients with multiple chronic conditions. First, using Medicaid claims data allows for evaluation of illnesses in a large population, which improves statistical power to address service use patterns related to comorbidity. Second, because Medicaid is provided for aged, blind, disabled segments of low income populations, it can be used to address quality and access to care in vulnerable individuals. Finally, analysis of comorbid conditions in this particular population is important, as the prevalence of this particular study population could increase in the coming years with planned Medicaid expansion under the Affordable Care Act. were excluded because the necessary encounter-level data could not be reliably accessed from our dataset.
For the purposes of this study, patients were categorized into the following four groups: a) patients with diabetes and without schizophrenia (diabetes only), b) patients with schizophrenia and without diabetes (schizophrenia only), c) patients with both schizophrenia and diabetes, and d) patients with any diagnosis other than schizophrenia or diabetes (neither schizophrenia nor diabetes). Patients that were categorized into these four groups had a varied number of additional co-morbid conditions, ranging from none to greater than nine. Claims related to diabetes were defined as claims billed with primary or secondary diagnosis using International Classification of Diseases 9 (ICD-9) diagnostic codes 250.××, 357.2×, 362.0 or 366.41 (diabetes mellitus and diseases that are complications of diabetes mellitus). Patients with schizophrenia were defined as claims billed with ICD-9 diagnostic codes 295.××. Consistent with previous Medicaid claims data research, in order to improve casefinding accuracy, a person was included in each group according to the specific diagnosis or diagnoses if they had one billed claim for a hospitalization from the inpatient (IP) file, or at least two billed claims on different service dates from the outpatient (OT) file (Lurie et al., 1992) . Patients categorized as "neither schizophrenia nor diabetes" were defined as those patients that did not have a primary diagnosis of diabetes or schizophrenia in the IP file, and did not have at least two diagnoses of schizophrenia or diabetes in the OT file.
Measures
2.2.1. Outcome variables-ED visits were divided into the following three categories: a) ED visits resulting from a primary diagnosis of diabetes (diabetes-related ED visits), b) ED visits resulting from a primary mental health diagnosis (mental health-related ED visits), and c) ED visits for all other medical diagnoses (all other-cause ED visits). Mental health diagnoses included all encounters with ICD-9 primary diagnostic codes 290.××-298.×× (psychoses), 300.×× (neurotic disorders), 303.××-305.×× (psychoactive substance), and 308.××-316.×× (other (primarily adult onset) and mental disorders diagnosed in childhood). ED visits were identified by revenue codes 450-459 or a place of service code of 23.
2.2.2.
Covariates-Covariates included demographic variables (age, gender, and race/ ethnicity), rural/urban status, and comorbidities. Rural/urban status was determined by merging the MAX data with county level data from the Area Resource File (ARF). The ARF aggregates publically available data from multiple sources about socioeconomic and environmental characteristics. Federal Information Processing Standard (FIPS) codes for patient's county of residence were used to merge the ARF and MAX files. The 2003 Rural/ Urban Continuum Codes are from the Department of Agriculture's Economic Research Service (ERS) (population < 250 000, population between 250 000 and 1 million, population > 1 million). Comorbidities were characterized using the Elixhauser comorbidity index, a validated approach for risk adjustment using administrative claims data (Elixhauser et al., 1998; Southern et al., 2004) . We then classified the comorbidity index into five groups (0, 1-3, 4-5, 6-8, ≥9). The number of disease constructs was tallied for each patient.
Statistical analysis
We used SAS version 9.2 for all analysis (SAS Institute Inc., Cary, NC). ED visits per 1000 patients per year by predictor variables were calculated for each of the three ED visit outcomes. One-way analysis of variance tests (ANOVA) were used to evaluate mean differences within the predictor variables for each of the three ED visit outcomes, controlling for the four disease conditions. Multivariate logistic regression models were used to estimate three ED visit risks for the schizophrenia and diabetes conceptual model only, mutually adjusting for age, race/ethnicity, gender, and rural/urban status. P-values < .01 were considered statistically significant.
Ethics
The study was conducted with approval from the Morehouse School of Medicine Institutional Review Board. Table 1 describes ED use by disease conditions: diabetes only (n = 316 873), schizophrenia only (n = 82 326), both schizophrenia and diabetes (n = 23 913), and neither schizophrenia nor diabetes (n = 3 856 153). Half of patients with any disease had ED visits during the time period, but there were higher percentages of ED visits for people with comorbid diabetes and schizophrenia than other disease conditions. Patients with comorbid diabetes and schizophrenia had a significantly higher average number of ED visits per year compared to individuals with neither diabetes nor schizophrenia, diabetes only, or schizophrenia only (p < .01). Table 2 summarizes ED visits causes for the 23 913 Medicaid beneficiaries with comorbid diabetes and schizophrenia by demographic characteristics. Among these individuals with comorbid diabetes and schizophrenia, there were more mental health-related and other cause visits per 1000 persons per year for younger patients, patients living in urban areas, patients treated with atypical antipsychotics, and patients with greater comorbidities (p < 0.01). Blacks had greater ED visits per 1000 persons per year than whites and Hispanics for diabetes-related visits, but whites had higher rates of ED visits for mental health-related and all other cause visits than black or Hispanic populations (p < 0.01). Asians had significantly lower amounts of all other cause visits compared to other racial groups. There were no significant differences between males and females in rates of mental health-related or diabetes-related ED visits, but females had significantly higher rates of all other cause ED visits compared to males.
Results

Emergency department visits characterized by disease condition
Causes of ED visits and demographic characteristics for Medicaid beneficiaries with comorbid diabetes and schizophrenia
Predictors of ED visit types among Medicaid beneficiaries with comorbid diabetes and schizophrenia
As shown in Table 3 , among individuals with comorbid diabetes and schizophrenia, significant predictors (p < .01) of diabetes related ED visits in the logistic regression model were black race and having 1 or more comorbidities. Higher comorbidity scores were a strong predictor of diabetes-related ED visits. Significant predictors of any mental healthrelated ED visits were ages 18-29 years old, residence in a small or large metropolitan area (population greater than 250 000), and treatment with atypical antipsychotics or a combination of typical and atypical antipsychotics. Black and Hispanic races/ethnicities were predictive of lower rates of mental health-related ED visits compared to whites. Greater numbers of comorbidities were more strongly predictive of mental health-related visits than diabetes-related visits. Male gender and older age were predictive of lower rates of all other causes of ED visits. No treatment with any antipsychotic medication was predictive of higher all other cause ED visits, as were treatment with atypical antipsychotics or combination atypical and typical antipsychotics. Non-Hispanic white and Hispanic races/ ethnicities were predictive of lower rates of all other causes of ED visits compared to blacks. As with diabetes-related and mental health-related ED visits, greater comorbidity was strongly predictive of higher rates of all other causes of ED visits, as demonstrated in Figure  1. 
Causes of ED visits among Medicaid beneficiaries with comorbid schizophrenia and diabetes
The most common causes of ED visits among individuals with comorbid schizophrenia and diabetes were "symptoms, signs, and ill-defined conditions" such as shortness of breath, fatigue/malaise, and "general symptoms," injury and poisoning, and musculoskeletal symptoms. The leading causes of ED visits for the diabetes and schizophrenia sample are listed in Table 4 .
Discussion
The impact of comorbidity
Our findings help to quantify ED utilization in a combination of multiple chronic conditions, diabetes and schizophrenia. Comorbid diabetes and schizophrenia results in higher levels of ED visits compared to individuals with diabetes only, schizophrenia only, or other chronic physical illnesses. Greater numbers of comorbid conditions predicted higher rates of diabetes, mental health, and all other-cause visits in individuals with comorbid diabetes and schizophrenia. These all other-cause ED visit rates are more than ten times higher for those with the highest comorbidity scores versus the lowest, even within the already high-risk subpopulation of Medicaid enrollees with both schizophrenia and diabetes.
Although in 1943 the combination of schizophrenia and diabetes was described as "extremely rare," this comorbidity cluster is known to be more common in present day (Kasin and Parker, 1943; Dixon et al., 2000; Rouillon and Sorbara, 2005) . When evaluating diabetes and schizophrenia more closely, the highest rates of ED visits are for all other causes than diabetes or mental health chief complaints. Individuals with schizophrenia have greater severity of physical illness, and often have lower quality of care associated with treatment of physical conditions (Goldberg et al., 2007; Leucht et al., 2007; Bresee et al., 2012) . Individuals with diabetes are at greater risk for various physical complications associated with their illness, including heart disease, blindness, renal failure, and extremity amputations (Dall et al., 2003) . The complexity of comorbid diabetes and schizophrenia may lead to increased ED usage in all areas of health, not just for diabetes related or schizophrenia related complications of the illnesses.
Previous research has confirmed that quality of diabetes care for individuals with schizophrenia is not worse than care for the general population Dixon et al., 2004; Krein et al., 2006) . Even so, some primary care providers report difficulty communicating effectively and providing effective care for individuals with serious mental illness (Lester et al., 2005) . Furthermore, individuals with serious mental illness frequently have less general preventive medical care compared to the general population . Thus, the causes of disability and illness in this specific population may be more complex than concentrating care management efforts specifically on schizophrenia or diabetes. Patients with comorbid schizophrenia and diabetes may benefit from greater emphasis on overall health promotion and prevention activities, focused on decreasing risk associated with various general medical conditions.
Racial/ethnic disparities
Racial and ethnic disparities exist among patients with comorbid schizophrenia and diabetes. Although racial/ethnic disparities associated with schizophrenia are focused more on access to care and poorer quality of care than racial differences in incidence or prevalence, the racial/ethnic disparities in diabetes also highlight incidence and prevalence differences, with blacks and Hispanics having higher rates of diabetes compared to whites (Brancati et al., 2000; McBean et al., 2004) . Our analysis found higher rates of diabetes-related ED visits among blacks than whites and Hispanics, and after controlling for covariates, these racial disparities persisted. For mental health-related visits, whites had the highest ED visit rates compared to all other racial/ethnic groups, a trend which was strikingly different when compared to diabetes-related and all other-cause ED visits. This finding is inconsistent with research that has shown higher rates of ED utilization for mental health problems among blacks (with less outpatient mental health treatment) compared to non-Hispanic whites (Hu et al., 1991; Snowden and Holschuh, 1992; Chow et al., 2003) . However, in recent years, rates of non-Hispanic white populations accessing ED settings for mental health related issues have been increasing while rates in minority populations have remained stable-these findings may confirm a shift in the trend (Larkin et al., 2005) .
Social complexity and its direct association with access to care are difficult to clearly delineate. Access to care may be reduced for racial/ethnic minority populations due to a number of factors, including geographical barriers, attitudes toward treatment-seeking, and poor therapeutic alliance (Sussman et al., 1987; Cooper-Patrick et al., 1997 ; US Department of Health and Human Services, 2001; Shim et al., 2009) . Blacks have higher rates of diabetes than whites, and whites are more likely to have greater access to mental health services and receive atypical antipsychotics than blacks, which may lead to worsening physical health outcomes among blacks, and may have an impact on all other cause and diabetes-related ED utilization .
Treatment considerations
The burden of disease associated with multiple chronic conditions, and the limitations of current single-disease focused clinical practice guidelines make it difficult to offer specific evidence-based recommendations with regard to achieving optimal outcomes in this population (Boyd et al., 2005; Fortin et al., 2006) . Clearly, multi-morbidity leads to unnecessary hospitalizations, adverse drug events, health care expenditures, disability, and mortality. This is exacerbated by fragmentation in the health care system, in which multiple clinicians manage individual diseases in a single patient without effectively communicating or sharing in decision-making, often with delays in care or duplicated services. The impact of fragmentation is addressed in the Institute of Medicine report Crossing the Quality Chasm (Institute of Medicine Committee on Quality of Health Care in America, 2001; Vogeli et al., 2007; Parekh and Barton, 2010) .
The sheer medical and social complexity of diabetes and schizophrenia require targeted interventions to specifically address the complications associated with multiple chronic conditions (Piette and Kerr, 2006) . Recommendations and guidelines aimed at improved monitoring of physical health for individuals for schizophrenia have helped to move usual care toward the direction of improved health outcomes (Marder et al., 2004) . Medical care management programs have been shown to improve overall health outcomes among individuals with schizophrenia and other serious mental illness (Ohlsen et al., 2005; Druss et al., 2010a) . In fact, interventions targeting patients with comorbid diabetes and schizophrenia have been shown to result in greater weight loss, lower triglycerides, and increased diabetes self-efficacy (McKibbin et al., 2006) . Increasing focus on primary care has been shown to reduce ED visits in patients with chronic illness; however, few interventions have been effective in reducing ED utilization in patients with serious mental illness (Latimer, 1999; Coleman et al., 2001 ). Chronic disease self-management programs have shown efficacy in the management of diabetes, and preliminary testing chronic disease self-management programs in individuals with serious mental illness are promising (Newman et al., 2004; Druss et al., 2010b) . Also, integrated and co-located primary care and mental health services have demonstrated improved physical health outcomes for individuals with serious mental illnesses (Pirraglia et al., 2012) . Additional testing of innovative models is needed to ensure that patients with comorbid diabetes and schizophrenia receive team-based care that emphasizes whole-person health, rather than management of specific disease states.
Limitations
There are several limitations that should be discussed. The limitations of Medicaid claims data have been previously documented (Bright et al., 1989) , especially with regard to the accuracy of diagnosis coding in various claims and the completeness of our capturing of ED visits through claims data (Lurie et al., 1992) . However, we have used specific methodology strategies to minimize the impact of this limitation and to improve reliability (Walkup et al., 2000) . Similarly, accuracy of coding race-ethnicity is subject to the accurate recording of self-described racial/ethnic group during the Medicaid enrollment process. In evaluating racial/ethnic disparities, we know that socioeconomic status also plays a significant role, but we did not analyze socioeconomic status within this Medicaid population. However, all Medicaid enrollees are at least somewhat similar socioeconomically in having to prove lowincome status as an essential basis for Medicaid eligibility. Additionally, the Medicaid sample consisted of 14 Southern states, which does somewhat limit generalizability of these findings. However, this particular sample comprises the majority of African American patients with Medicaid coverage in the United States, which increases opportunities to examining disparities between African American and non-Hispanic white patients with schizophrenia and diabetes.
Clinical implications
This study focuses on a specific comorbidity cluster that combines a "physical" disease requiring effective self-management and a "mental health" disease that can profoundly affect an individual's ability to manage self-care and overall health. Single disease models of disease management are unlikely to be effective in addressing the complexities of these patients to improve overall health outcomes. The impact of additional comorbidities beyond the diabetes-schizophrenia dyad raises the clinical complexity of these patients even further, and the combination of poverty and racial/ethnic disparities adds an additional layer of social complexity. Greater understanding of the rate and type of ED visits among individuals with comorbid diabetes and schizophrenia can help add context and insight to related measures within the Medicaid population, including inpatient and outpatient service utilization, expenditures, and mortality. Clinicians and healthcare professionals serving patients with comorbid diabetes and schizophrenia should consider integrated approaches to the management of the whole person in social context, in order to decrease overall ED utilization, to improve quality of care, and to achieve optimal outcomes in such challenging combinations of psychiatric and medical chronic diseases. Percentage of diabetes-related, mental health-related, and all other cause emergency department visits by comorbidities in a population of individuals with schizophrenia and diabetes. 
